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1. INTRODUCTION {#cbf3227-sec-0001}
===============

In China, the highest incidence of nasopharyngeal carcinoma (NPC) occurs in the Guangxi, Guangdong, Hunan, and Fujian provinces. People between 40 and 50 years of age are at high risk for this type of carcinoma, and the disease is 2 to 3 times more common in men than women. Ninety‐eight percent of NPC originates in the nasopharynx and is characterized as a poorly differentiated squamous cell carcinoma.[1](#cbf3227-bib-0001){ref-type="ref"} The etiology of NPC involves genetic factors, infection with the Epstein‐Barr virus (EBV), and environmental factors. NPC has been specifically associated with race and exhibits familial clustering such that Southern Chinese descendants living abroad still have a high incidence of NPC.[2](#cbf3227-bib-0002){ref-type="ref"}

Follistatin‐like protein 1 (FSTL1), a proinflammatory cytokine, is an extracellular matrix glycoprotein secreted by a variety of cells that participates in the immune response by regulating interleukins (ILs), interferons (IFNs), and other immune molecules. FSTL1 is expressed in some malignant tumors, such as renal clear cell cancer, endometrial cancer, and lung cancer, among others, and inhibits the proliferation and migration of tumor cells instead promoting apoptosis. Therefore, FSTL1 is a newly discovered tumor suppressor gene.[3](#cbf3227-bib-0003){ref-type="ref"}, [4](#cbf3227-bib-0004){ref-type="ref"}, [5](#cbf3227-bib-0005){ref-type="ref"}, [6](#cbf3227-bib-0006){ref-type="ref"} Exogenous FSTL1 regulates the immune response by enhancing or inhibiting specific functions. For example, in rheumatoid arthritis synovium, FSTL1 promoted the cellular immune response by enhancing the function of antigen‐presenting cells surrounding the synovium.[7](#cbf3227-bib-0007){ref-type="ref"} FSTL1 secreted by fibroblasts can increase the expression of tumor necrosis factor α (TNF‐α) and IL‐1β secreted by macrophages, and injecting an adenoviral vector encoding FSTL1 in mice induces excessive IL‐6, IL‐1β, and TNF‐α expression in the liver.[8](#cbf3227-bib-0008){ref-type="ref"}, [9](#cbf3227-bib-0009){ref-type="ref"} These data suggest that FSTL1 might also regulate host immunity through a paracrine mechanism. Furthermore, when examining the relationship between FSTL1 and macrophages, it was observed that FSTL1 expression significantly increased in tissue macrophages after LPS injection into mouse footpads, demonstrating that macrophages can respond to FSTL1 at sites of inflammation. In vitro, FSTL1 activates the mitochondrial electron transport chain and increases the production of ATP and IL‐1β secretion from monocytes/macrophages.[10](#cbf3227-bib-0010){ref-type="ref"} The specific immune function of dendritic cells (DC) in NPC patients is decreased, and DC function has not been reported to be affected by FSTL1 protein.

DCs are antigen‐presenting cells that can uptake, process, and present antigen molecules with high efficiency.[11](#cbf3227-bib-0011){ref-type="ref"}, [12](#cbf3227-bib-0012){ref-type="ref"} Therefore, understanding the molecular mechanisms and roles of FSTL1 in DCs might contribute to the development of novel immunotherapy approaches and supplementary treatments for NPC patients.

Nuclear factor κb (NF‐κb) plays a crucial role in the induction of inflammatory mediators and is implicated in the development and progression of many chronic diseases. IL‐6 and IL‐8 release from human CF bronchial epithelial cells (IB3‐1), which is stimulated by TNF‐α, is controlled by NF‐κb.[13](#cbf3227-bib-0013){ref-type="ref"} Similarly, monocytes, macrophages, and DCs can activate NF‐κb translocation to the nucleus through intracellular signal transduction pathways to promote the expression of IL‐1, IL‐6, IL‐8, IL‐10, IL‐12, TNF, and IFNs, among other factors.[14](#cbf3227-bib-0014){ref-type="ref"}, [15](#cbf3227-bib-0015){ref-type="ref"} After their release, these cytokines attract granulocytes and macrophages, increase capillary permeability, and stimulate lymphocytic infiltration, which are important for the early immune response.[16](#cbf3227-bib-0016){ref-type="ref"} In addition, cytokines stimulated by activated NF‐κb upregulate the expression of costimulatory molecules such as CD83, CD80, CD86, and MHC II on DCs, thereby generating mature DCs.[15](#cbf3227-bib-0015){ref-type="ref"} NF‐κb plays significant roles in host defense, tissue damage and stress, cell differentiation, apoptosis, and the inhibition of tumor growth.

There is a close relationship between the number of immune cells and overall immune function. Usually, inner and outer stimuli can lead to apoptosis, which effectively downregulates overall immune function. Jun N‐terminal kinase (JNK), which is also referred to as stress‐activated protein kinase (SAPK), is a subclass of the mitogen‐activated protein kinase signaling pathway in mammalian cells that plays a critical role in both the physiological and pathological regulation of the cell cycle, reproduction, apoptosis, and cell stress. Overexpressed JNK protein functions in the endoplasmic reticulum.[17](#cbf3227-bib-0017){ref-type="ref"} Generally, apoptosis is triggered when endoplasmic reticulum stress is continuous and excessive by activating caspase‐12 and up‐regulating the expression of CHOP/CADD153 and JNK.[18](#cbf3227-bib-0018){ref-type="ref"} Activated estrogen receptor type I transmembrane protein kinase binds to TNF receptor associated factor 2, forming a complex that activates TNF‐dependent apoptosis‐signaling kinase 1, which activates JNK to induce immune cell apoptosis.[19](#cbf3227-bib-0019){ref-type="ref"} As a result of contact with foreign antigens, DCs mature and migrate to the lymphoid organs, where they present captured antigens and undergo apoptosis.[20](#cbf3227-bib-0020){ref-type="ref"} When DCs provide immune signals to T cells, DC apoptosis is initiated through various mechanisms.[21](#cbf3227-bib-0021){ref-type="ref"} Although JNK is a critical apoptotic protein, it is still unknown whether exogenous FSTL1 regulates immune cell apoptosis through JNK.

In this study, we investigated the functional role and molecular mechanism of FSTL1 in the immune regulation of DCs and T lymphocytes from NPC patients. We examined antigen‐presenting molecule expression, IFN‐γ secretion, and T‐cell receptor (TCR) presentation on the surface of cytotoxic T lymphocytes in FSTL1‐treated and control groups. We also measured NF‐κb and JNK expression, as these proteins are involved in many critical inflammation‐related pathways. Our results demonstrate that FSTL1 contributes to the activation of DCs and T lymphocytes from NPC patients by modulating NF‐κb and JNK expression.

2. MATERIALS AND METHODS {#cbf3227-sec-0002}
========================

2.1. Specimens {#cbf3227-sec-0003}
--------------

From September 2013 to May 2015, 50 cases of NPC were confirmed in HLA‐A2^+^ patients, who were diagnosed for the first time by the Pathology Department of the First Affiliated Hospital of Guangxi Medical University. Forty patients were male, and 10 patients were female, with an average age of 46 years. There were 47 HLA‐A2^+^ NPC patients included in the control group, with an average age of 42 years. All of the patients were recruited from the outpatient Otorhinolaryngology Head and Neck (ENT and HN) Surgery Department. Ten healthy control samples, 6 male and 4 female, from Guangxi Medical University were also used for this study, with an average age of 25 years.

2.2. Peripheral blood mononuclear cell separation and DC induction {#cbf3227-sec-0004}
------------------------------------------------------------------

Before collecting blood, participants were clearly informed such that they understood the study and signed their informed consent. The project was approved by our ethics committee. Twenty‐five milliliters of blood were collected from each subject in ethylenediaminetetraacetic acid--anticoagulant tubes. Peripheral blood mononuclear cells (PBMCs) were separated with Lymphoprep™ (STEMCELL™ Technologies, Vancouver, BC, Canada) according to the manufacturer\'s instructions. Approximately 1.1 × 10^6^ to 3 × 10^6^ cells/mL PBMCs were cultured in 6‐well flat bottom plates in RPMI 1640 medium (Hyclone, Thermo Fisher Scientific, Logan, UT) supplemented with 10% fetal bovine serum (FBS) and 1% penicillin‐streptomycin. The plates were incubated at 37°C and 5% CO~2~ for 4 h. Four hours later, the adhesion method was used to separate the lymphocytes and the PBMCs, and the lymphocytes were stored at −80°C. Recombinant human granulocyte macrophage colony stimulating factor (rhGM‐CSF; 1,000 U/mL, American PeproTech Inc. Rocky Hill, NJ), recombinant human IL‐4 (rhIL‐4; 500 U/mL, American PeproTech Inc. Rocky Hill, NJ), and recombinant human TNF‐α (rhTNF‐α; 1,000 U/mL, American PeproTech Inc.) were used to induce PBMCs to become DCs. The cultures were refreshed every 3 days with RPMI 1640 medium containing growth factors and were split upon confluence. DCs were harvested on the eighth day of culture.

2.3. Cell surface molecule expression detected by flow cytometry {#cbf3227-sec-0005}
----------------------------------------------------------------

On the third and eighth days of culture, CD40, CD80, CD86, and HLA‐DR expression on the DC surface was examined for FITC fluorescence by flow cytometry to judge the maturity of the DCs. The cells were labeled with antibodies against the above‐mentioned surface markers by resuspending 1× 105 cells in 100 μL 1× PBS containing 5 μL antibody, and 5 μL isotype control was used as control (mouse IgG1 K isotype control FITC). Flow cytometry analysis was performed on a FACSaria (BD Biosciences) instrument.

2.4. Experimental groups {#cbf3227-sec-0006}
------------------------

Mature DCs were collected and separated into the following 4 groups: (1) NPC patients (mixed cells + FSTL1), (2) control group (NPC patient mixed cells), (3) healthy control sample 1 (mixed cells + FSTL1), and (4) healthy control samples 2 (mixed cells). Mixed cells refer to mature DCs and lymphocytes. FSTL1 (R&D Systems Inc., Minneapolis, MN) was diluted to a final concentration was 40 ng/mL. After 24 h, the DCs were washed twice with PBS and then stimulated with a mixture of EBV (LMP2) (JPT Peptide Technologies, Berlin, Germany) and a peptide fragment with EBV antigenic characteristics and cocultured with corresponding lymphocytes from the same NPC patient or healthy donor.

2.5. DC and lymphocyte coculture {#cbf3227-sec-0007}
--------------------------------

The ratio of 2 types of cells was approximately 1:8, and during coculture, recombinant human interleukin 7 (rhIL‐7) (American PeproTech Inc.) was added to a final concentration of 10 mg/mL. Half of the medium was changed every 3 days, and 20 mg/mL IL‐7 was added to all of the groups. On the seventh day, new medium containing IL‐7 (20 mg/mL) and IL‐2 (American PeproTech Inc.) (40 U/mL) was added to all of the groups, which were cocultured in a 5% CO~2~ incubator at 37°C. Finally, all of the cells were harvested on the 15th day.

2.6. Detection of IFN‐γ production and TCR expression {#cbf3227-sec-0008}
-----------------------------------------------------

After 24 h, approximately 1 × 10^5^ cells from the DC/lymphocyte mixture (mixed cells) exposed to peptides were separated, washed twice with 1 × PBS, and transferred into an ELISpot plate, which was coated with antihuman IFN‐γ antibody (Human INF‐γ ELISpot kit, Mabtech Company, Nacka Strand, Sweden). The plate was then incubated overnight at 37°C at 5% CO~2~. The positive control mAb CD3‐2 was diluted 1:1000 in RPMI‐1640 with 10% FBS, and 100 μL was added to the positive control wells. The negative control was ELISA/ELISPOT Coating Buffer, which was in the kit. Next, 100 μL of the chromogenic agent 5‐bromo‐4‐chloro‐3‐indolyl phosphate/nitrotetrazolium blue chloride BCIP/NBT‐plus was added to each well and incubated at room temperature protected from light. Finally, the plate was observed every 10 minutes until spots appeared in the positive control wells. All of the steps were performed in accordance with the operation manual. IFN‐γ spots per well were counted using an ELR02 ELISpot reader and analyzed using the ELISpot Reader v4.0 software (Autoimmune Diagnostic, Strassberg, Germany). Approximately 1 × 10^5^ cells from the mixed cells of each group were counted for the analysis of TCR expression. The cells were dyed with the major histocompatibility complex (MHC)--peptide complex tetramer (R‐PE A0201/LMP2356 Tetramer, Beijing Kuangbo Biological Technology Limited), which had been marked with a PE fluorescent dye. Positive controls were stained with antihuman CD8a‐FITC antibody (American eBioscience company).

2.7. Reverse transcriptase polymerase chain reaction detection of IFN‐γ and critical proteins in the TLR4 pathway {#cbf3227-sec-0009}
-----------------------------------------------------------------------------------------------------------------

Purified genomic DNA was isolated from DCs using the CellAmp™ Whole Transcriptome Amplification kit (Real Time) Ver2 (Code No. 3734, TaKara). Relative quantitative reverse transcriptase polymerase chain reaction (RT‐PCR) was performed to detect the expression of NF‐κb, JNK, IFN‐γ, and GAPDH with SYBR Green PCR kit (Takara, Dalian, China) using the StepOnePlus™ Real‐Time PCR System (Life Technoligies, Carlsbad, NM, USA). The specific RT‐PCR primers are shown in Table [1](#cbf3227-tbl-0001){ref-type="table-wrap"}. The following PCR amplification protocol was used: (1) an initial denaturation at 95°C for 30 s, (2) 40 cycles of 95°C for 5 s and 60°C for 34 s, and (3) a final extension at 95°C for 15 s, 60°C for 1 min, and 95°C for 15 min. The expression changes of genes were calculated using the △Ct method with GAPDH as internal control.

###### 

RT‐PCR primers to amplify the desired genes

  Genes                         Primer ID   Primer sequences                    Product size (bp)
  ----------------------------- ----------- ----------------------------------- -------------------
  NF‐κb                         HA078982    R:5′‐TCGCACCCAGAATTGTCAAAGATA‐3′    139
                                            F:5′‐ACGAATGACAGAGGCGTGTATAAGG‐3′   
  JNK                           HA220173    R:5′‐CAGAGCTGCTTGGCGGATTAG‐3′       114
                                            F:5′‐TGTGTGGAATCAAGCACCTTCA‐3′      
  INF‐γ                         HA004918    R:5′‐TGGCCAGACCGAAGTCAAGA‐3′        189
                                            F:5′‐CTTTAAAGATGACCAGAGCATCCAA‐3′   
  GAPDH                         HA067812    R:5′‐GGCGACAGTTCAGCCATCAC‐3′        138
                                            F:5′‐GCACCGTCAAGGCTGAGAAC‐3′        
  R:5′‐TGGTGAAGACGCCAGTGGA‐3′                                                   

2.8. NF‐κb and JNK detection by Western blot {#cbf3227-sec-0010}
--------------------------------------------

Total proteins were extracted from cells from each group. Western blot was used to detect the expression of NF‐κb (NF‐κb1 p105/p50(D7H5M) rabbit mAb, CST), JNK (SAPK/JNK antibody, CST), and GAPDH (GAPDH(14C10) rabbit mAb, CST). Primary antibodies were diluted with Western blot primary antibody diluent to 1:750, and the secondary antibody (antirabbit IgG (H + L) (DyLight 680 Conjugate), CST) was diluted in 1 × TBST (Tris‐buffered saline with Tween‐20, pH 8.0) 1:8,000.

2.9. Data analysis {#cbf3227-sec-0011}
------------------

The data were analyzed using SPSS17.0 and GraphPad Prism v. 5 software. Data are shown as the mean ± SEM of at least 3 independent experiments. Significant differences were determined using 2‐way analysis of variance and 2‐tailed *t*‐tests. A *P* value \<.05 was considered statistically significant.

3. RESULTS {#cbf3227-sec-0012}
==========

3.1. Induction and cultivation of DCs {#cbf3227-sec-0013}
-------------------------------------

We measured the expression of CD40, CD86, and HLA‐DR on the surface of DCs by flow cytometry. On the third day of culture, the respective expression levels were 20.3%, 32.6%, and 30.0%, which increased to 54.3%, 94.8%, and 67.8% on the eighth day of culture (Figure [1](#cbf3227-fig-0001){ref-type="fig"}). These results suggested that the DCs matured during the induction and cultivation period.

![On the third day of culture, the DCs were small and exhibited anchorage‐dependent growth and slightly altered morphology. On the eighth day of culture, the DC suspension significantly increased, and the cells became large and irregular with branching morphology. CD40, CD86, and HLA‐DR expression levels on the DC surface were higher on day 8 than day 3. \**P* \< .05](CBF-34-554-g001){#cbf3227-fig-0001}

3.2. The number of T lymphocytes producing IFN‐γ increased with culture {#cbf3227-sec-0014}
-----------------------------------------------------------------------

The ELISpot assay was performed to quantify the number of T lymphocytes producing INF‐γ (termed spots). The results showed that the average number of spots for the NPC patient group was 51.00 (31.00--118.00), whereas the control group exhibited only 40.00 spots (11.00--93.00, *P* \< .05) (Figure [2](#cbf3227-fig-0002){ref-type="fig"}A). \"At the same time, as shown in Figure [2](#cbf3227-fig-0002){ref-type="fig"}B, the mean spot number in the mixed cells + FSTL1 healthy control sample 1 group was 72.00 (41.00--104.00), whereas the healthy control sample 2 group showed 59.50 spots (34.33--88.67, *P* \< .05). However, the NPC patient group and healthy control sample 1 values (Figure [2](#cbf3227-fig-0002){ref-type="fig"}C) were not significantly different (*P* \> .05). IFN‐γ gene expression was also investigated using RT‐PCR (Figures [2](#cbf3227-fig-0002){ref-type="fig"}D and [2](#cbf3227-fig-0002){ref-type="fig"}E). Comparison of the NPC patient group with the control group revealed an RQ expression quantity ratio of 2.49:1 (*P* \< .05). These results demonstrate a significant increase in IFN‐γ expression after FSTL1 addition to the culture media of mixed cells.

![A, The IFN‐γ spots for the different groups. There were more spots in the NPC patient group than in the control group. B, IFN‐γ levels increased after FSTL1 addition to the healthy control sample 1 group. C, No significant differences were observed between the NPC patients and healthy control sample 1 after FSTL1 addition. D and E, IFN‐γ expression was measured by RT‐PCR. The fold RQ of the NPC patient group was 2.49, whereas the RQ of the control group was set to 1. \**P* \< .05 and ^\#^ *P* \> .05](CBF-34-554-g002){#cbf3227-fig-0002}

3.3. The number of T lymphocytes expressing TCRs increased {#cbf3227-sec-0015}
----------------------------------------------------------

Tetramers were used to detect TCR expression on CD8 + T cells. The increase in TCR expression in the NPC patient group was larger than in the control group; the same results were observed for the control groups (Figure [3](#cbf3227-fig-0003){ref-type="fig"}). Interestingly, these results are in accordance with the detection of INF‐γ spots.

![A, The median TCR expression level in the NPC patient group was 2.99% (2.05%--3.82%) compared with 0.99% in the control group (0.33%--2.09%, *P* \< .05). B, Among healthy control samples, these percentages were 3.49% (3.01%--4.00%) and 1.36% (0.13%--1.75%, *P* \< .05) for group 1 and group 2, respectively.[3](#cbf3227-bib-0003){ref-type="ref"} Comparison of the NPC patient and healthy control groups showed no statistically significant differences (*P* \> .05). \**P* \< .05 and ^\#^ *P* \> .05](CBF-34-554-g003){#cbf3227-fig-0003}

3.4. RT‐PCR and Western blot for NF‐κb and JNK {#cbf3227-sec-0016}
----------------------------------------------

The gene and protein expression levels of NF‐κb and JNK were measured using RT‐PCR and Western blot, respectively. NF‐κb and JNK expression showed clear changes (*P* \< .05); NF‐κb expression was upregulated, whereas JNK expression was downregulated after treatment with FSTL1. There was also an obvious increase in NF‐κb expression and a significant decrease in JNK expression in the NPC patient group (*P* \< .05). Interestingly, the Western blot results showed the same trends as the RT‐PCR results. These data suggest that NF‐κb mRNA and protein expression were upregulated by FSTL1, whereas JNK expression was downregulated (Figure [4](#cbf3227-fig-0004){ref-type="fig"}).

![A, Western blot was performed with antibodies against GAPDH, NF‐κb, and JNK. B and C, On the basis of the RQ values from the NPC patient and the control group, NF‐κb levels increased to 6.38:1 (*P* \< .05), and JNK mRNA expression decreased to 0.53:1 (*P* \< .05). B and D, NF‐κb gene and protein expression levels were upregulated in the NPC patient group. The RQ relative value was 6.38, and the gray value ratio was 5.74, whereas the RQ relative value and the gray value ratio for the control group were 1 and 3.47, respectively.[4](#cbf3227-bib-0004){ref-type="ref"} JNK expression was downregulated. C and E, The RQ expression value was 0.53:1 (*P* = .00), and the gray value ratio for the NPC patient group was 1.53, whereas the RQ relative value and the gray value ratio for the control group were 1 and 2.25, respectively. \**P* \< .05](CBF-34-554-g004){#cbf3227-fig-0004}

4. DISCUSSION {#cbf3227-sec-0017}
=============

Here, we report that the activation of DCs and T lymphocytes is weaker in NPC patients compared with healthy individuals (Figure [2](#cbf3227-fig-0002){ref-type="fig"}E left 2 bars) based on the lower IFN‐γ and TCR expression observed in the NPC patient groups, which means that healthy donors (non‐NPC patients) responded better to the LMP and EBV peptides. Previous work has shown that DCs from patients show decreased functionality compared with those from healthy donors, although they are not different in number or morphology.[22](#cbf3227-bib-0022){ref-type="ref"} Angiogenic factors released by head and neck cancer (HNSCC) patients can induce tolerogenic ability in DCs.[23](#cbf3227-bib-0023){ref-type="ref"} Upon activation in response to an inflammatory stimulus (exogenous or endogenous), migratory and lymphoid tissue‐resident cDCs display a decrease in phagocytic activity.[24](#cbf3227-bib-0024){ref-type="ref"} Carcinoma tissue can drive iDCs to differentiate into endothelial‐like cells instead of differentiation into mature DCs, thereby preventing antigen presentation functions.[25](#cbf3227-bib-0025){ref-type="ref"} Therefore, there are 2 hypotheses regarding the mechanism by which cancer cells avoid immune attack and establish immune evasion. First, during excrescence generation, carcinoma cells alter the microenvironment by modifying their surface antigens.[26](#cbf3227-bib-0026){ref-type="ref"}, [27](#cbf3227-bib-0027){ref-type="ref"} Second, the antigen presentation function of DCs is suppressed, which prevents the activation of T lymphocytes and suppresses the body\'s immunity. Thus, it is important to understand the antitumor immune mechanisms of DCs and T lymphocytes.[28](#cbf3227-bib-0028){ref-type="ref"}, [29](#cbf3227-bib-0029){ref-type="ref"} FSTL1 has been acknowledged as a novel inflammatory protein that enhances the composition of inflammatory factors in vivo and in vitro.[3](#cbf3227-bib-0003){ref-type="ref"} However, experiments assessing the effects of FSTL1 on DCs from NPC patients are limited. Only 1 report showed that FSTL1 was associated with immunomodulation after heart allograft transplantation.[30](#cbf3227-bib-0030){ref-type="ref"} Recent studies have demonstrated that mesenchymal cells secrete cytokines to regulate immune cell activation, which has both pro‐ and anti‐inflammatory effects.[31](#cbf3227-bib-0031){ref-type="ref"}, [32](#cbf3227-bib-0032){ref-type="ref"}, [33](#cbf3227-bib-0033){ref-type="ref"} Our results demonstrated the up‐regulation of IFN‐γ secretion and TCR expression on T lymphocytes, indicating that DC immunity was enhanced.

Indeed, DCs communicate with T lymphocytes through the presentation of antigens, the expression of surface molecules, and the secretion of immune‐enhancing cytokines. Our results, on the basis of ELISpot assays, RT‐PCR and flow cytometry (Figures [2](#cbf3227-fig-0002){ref-type="fig"} and [3](#cbf3227-fig-0003){ref-type="fig"}), show the effects of FSTL1 on antigen‐antibody recognition and IFN‐γ production. INF‐γ inhibits proliferation in malignant cells, regulates the body\'s immune response and activates CD8+ T lymphocytes to destroy circulating tumor cells.[34](#cbf3227-bib-0034){ref-type="ref"}, [35](#cbf3227-bib-0035){ref-type="ref"}, [36](#cbf3227-bib-0036){ref-type="ref"} The tetramer detection method uses a single MHC‐peptide tetramer molecule to reveal TCR expression on the surface of cytotoxic T lymphocytes, resulting in their rapid detection by flow cytometry.[37](#cbf3227-bib-0037){ref-type="ref"} Our tetramer results demonstrated that FSTL1 enhanced the antigen‐presenting ability of DCs, which agreed with the ELISpot test results. These results support the concept that FSTL1 enhances DC immunity. TCRs are specific receptors expressed on the T‐cell surface that bind protein antigens. The homeostasis of naive T cells is maintained by TCR signals from endogenous self‐peptides/MHC complexes and cytokines.[38](#cbf3227-bib-0038){ref-type="ref"} The suppression of immunological functions in NPC patients might occur because of downregulated TCR expression.[39](#cbf3227-bib-0039){ref-type="ref"} When tumor antigens stimulate the immune system, the TCR structure changes, and the effectiveness of this strategy is hampered by the generation of mixed TCR heterodimers containing both exogenous and endogenous TCR chains.[40](#cbf3227-bib-0040){ref-type="ref"} Introduced TCRα and β chains can potentially assemble with endogenous TCR chains, which not only reduces expression of the desired TCR pair but can also create a new TCR with unknown specificity that can potentially lead to autoimmunity and off‐target toxicity.[41](#cbf3227-bib-0041){ref-type="ref"}, [42](#cbf3227-bib-0042){ref-type="ref"} These mechanisms most likely occur in NPC patients, leading to a low recognition rate of functional TCRs, but this still requires further study.

We found that NF‐κb expression was increased after FSTL1 addition (Figures [4](#cbf3227-fig-0004){ref-type="fig"}B and [4](#cbf3227-fig-0004){ref-type="fig"}D). In T lymphocytes, NF‐κb not only stimulated gene transcription but also promoted lymphocyte development and differentiation. The activation of NF‐κb signaling pathways inhibits the development of carcinomas, especially via the p65 subunit, which plays an important role in p53‐mediated apoptosis. Moreover, NF‐κb up‐regulation enhances T‐cell immunity.[43](#cbf3227-bib-0043){ref-type="ref"} MFE can increase NK cell and cytotoxic T‐lymphocyte activity by activating NF‐κb to generate IFN‐γ.[44](#cbf3227-bib-0044){ref-type="ref"} Medicines can also suppress NF‐κb to inhibit the immune response, which leads to carcinoma cell escape.[45](#cbf3227-bib-0045){ref-type="ref"} Our results indicated that the addition of FSTL1 downregulated JNK expression, thereby enhancing immune activity (Figures [4](#cbf3227-fig-0004){ref-type="fig"}C and [4](#cbf3227-fig-0004){ref-type="fig"}E). JNK also plays a critical role in immunity. For example, the absence of JNK was shown to increased T‐lymphocyte cell death.[46](#cbf3227-bib-0046){ref-type="ref"} Simultaneously, ΔPK could activate JNK protein activity to suppress the expression of IL‐10, which is an immunosuppressive factor.[47](#cbf3227-bib-0047){ref-type="ref"} On the basis of these results, we believe that FSTL1 plays a critical role in immune regulation by increasing the antigen presentation ability of DCs and T lymphocytes through altering NF‐κb and JNK expression.

Recently, antitumor immune therapies have shown significant advantages because of their reduced toxicity to mammalian cells.[48](#cbf3227-bib-0048){ref-type="ref"}, [49](#cbf3227-bib-0049){ref-type="ref"}, [50](#cbf3227-bib-0050){ref-type="ref"} With the increased development of molecular and cellular technologies, new approaches to treat malignancy will be identified. FSTL1 can inhibit the migration and proliferation of cancer cells and promote apoptosis, which is beneficial for suppressing carcinoma development.[4](#cbf3227-bib-0004){ref-type="ref"}, [5](#cbf3227-bib-0005){ref-type="ref"}, [51](#cbf3227-bib-0051){ref-type="ref"} FSTL1 can simultaneously regulate immune responses and act as an anti‐inflammatory and antineoplastic factor. As a secreted protein, FSTL1 also has the potential to be exploited as a novel antitumor therapeutic. However, some studies have suggested that FSTL1 might stimulate the development of radial gliomas[52](#cbf3227-bib-0052){ref-type="ref"} and promote arthritis by regulating IFN‐γ1.[3](#cbf3227-bib-0003){ref-type="ref"} By contrast, other studies have shown that FSTL1 is a pro‐inflammatory molecule that can accelerate the production of other proinflammatory molecules such as IL‐6, IL‐1β, and TNF‐α.[10](#cbf3227-bib-0010){ref-type="ref"}, [53](#cbf3227-bib-0053){ref-type="ref"} This investigation found that DC immunity in NPC patients was augmented by FSTL1. Similarly, TNF‐α has been shown to promote the development of immature DCs into mature DCs.[54](#cbf3227-bib-0054){ref-type="ref"}, [55](#cbf3227-bib-0055){ref-type="ref"} Therefore, the mechanism by which FSTL1 expedites the immune ability of DCs should be elucidated from this perspective. Above all, it is important to investigate the mechanism by which FSTL1 affects DCs to provide a basis for new antitumor immunotherapies.
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